Study on Electrodialysis Pretreatment Technique Used for Sample Neutralization,Oxidation,Extraction and its Application in Ion Chromatography by 胡康康
学校编码： 10384                      分类号————     密级———— 
学号：20520061151910                                 UDC———— 
 
 
硕  士  学  位  论  文  
基于电渗析原理的样品中和、氧化、萃取前
处理方法的研究及其在离子色谱中的应用 
 Study on Electrodialysis Pretreatment Technique Used for 
Sample Neutralization, Oxidation, Extraction and its 
Application in Ion Chromatography 
胡 康 康 
指导教师姓名： 胡 荣 宗  教授 
               阮 源 萍  教授 
专  业 名 称： 分  析  化  学 
论文提交日期： 2009  年 7  月 
论文答辩日期： 2009  年 7  月 
学位授予日期： 2009  年    月 
                            
                                 答辩委员会主席：———————— 
                             评    阅    人：————————














Study on Electrodialysis Pretreatment Technique Used for 
Sample Neutralization, Oxidation, Extraction and its 
Application in Ion Chromatography 
 
 A Dissertation Submitted for the Degree of  







Supervisor: Professor Rongzong Hu 

































                    声明人（签名）： 





























作者签名：         日期：    年   月   日 














目  录 
 
目   录 
 
摘  要.......................................................................................................ⅰ 
摘  要（英文） ......................................................................................ⅲ
 
第一章 绪 论 ............................................................................................1 













2.1 引言 ...................................................................................................................18 



















2.3 电化学中和装置 ...............................................................................................20 
2.3.1 电化学中和的意义.....................................................................................20 
2.3.2 电化学中和装置的结构研究及工作流程.................................................21 
2.3.3 3 种中和装置的性能比较..........................................................................24 
2.3.4 装置中和效果.............................................................................................26 











3.1 引言 ...................................................................................................................34 
















目  录 
3.2.3 色谱条件.....................................................................................................35 
3.2.4 样品前处理.................................................................................................36 













4.1 引言 ...................................................................................................................49 




4.3 电化学萃取－中和前处理装置 .......................................................................50 
4.3.1 前处理装置的提出.....................................................................................50 
4.3.2 电化学萃取－中和前处理装置的构造及工作流程.................................52 





















4.4.7 试剂纯H2O2的质量评价 ............................................................................59 






































Abstract (in Chinese) ..............................................................................ⅰ 
Abstract....................................................................................................ⅲ
 
Chapter 1 Introduction ............................................................................1 
1.1 General remarks of sample pretreatment in ion chromatography ...............1 
1.1.1 Effect of sample pretreatment ........................................................................1 
1.1.2 Processes and rules on sample pretreatment ..................................................1 
1.1.3 Evaluation on sample pretreatment................................................................2 
1.2 Application of electrodialysis in sample pretreatment ....................................3 
1.2.1 Methods for sample decomposition ...............................................................3 
1.2.2 Methods for sample purification....................................................................3 
1.2.3 Principle of electrodialysis ............................................................................3 
1.2.4 Application of electrodialysis .......................................................................4 
1.3 The technical scheme and innovation of this dissertation ............................ 11 
References ...............................................................................................................12
 
Chapter 2 Determination of mineral nutrition elements in tobacco by 

















2.2 Experimental part............................................................................................19 
2.2.1 Instruments and reagents..............................................................................19 
2.2.2 Preparation of standard solution .................................................................19 
2.2.3 Chromatrographic condition .......................................................................20 
2.2.4 Sample pretreatment ...................................................................................20 
2.3 Electrochemical neutralization device ............................................................20 
2.3.1 Effect of Electrochemical neutralization ....................................................20 
2.3.2 Structrue and working process of electrochemical neutralization device....21 
2.3.3 Comparision of 3 kinds of electrochemical neutralization device..............24 
2.3.4 Result of electrochemical neutralization device .........................................26 
2.4 Results and discussion ......................................................................................26 
2.4.1 Optimizing Chromatrographic conditions ..................................................26 
2.4.2 Optimizing Methods for sample pretreatment ............................................27 
2.4.3 Optimizing neutralization conditions for sample.........................................28 
2.4.4 Study on standard working curve ...............................................................29 
2.4.5 Sample analysis...........................................................................................29 
2.4.6 Comparision of different types of tobacco..................................................30 
2.5 Brief summary ..................................................................................................31 
References ...............................................................................................................31
 
Chapter 3 Simultaneous determination of fluorine and iodine in 
urine by ion chromatography with electrochemical oxidation and 
neutralization pretreatment...................................................................34 















3.2 Experimental part............................................................................................35 
3.2.1 Instruments and reagents.............................................................................35 
3.2.2 Preparation of standard solution .................................................................35 
3.2.3 Chromatrographic condition .......................................................................35 
3.2.4 Sample pretreatment ...................................................................................36 
3.3 Electrochemical oxidation-neutralization device...........................................36 
3.3.1 Introduction of electrochemical oxidation-neutralization device ...............36 
3.3.2 Structrue and working process of electrochemical oxidation-neutralization 
device ....................................................................................................................38 
3.3.3 Analysis of experimental theory ..................................................................40 
3.4 Results and discussion ......................................................................................40 
3.4.1 Optimizing flow rates of electrolyte and electrolysis currents ....................40 
3.4.2 Optimizing Chromatrographic conditions ..................................................42 
3.4.3 Study on standard working curve ...............................................................44 
3.4.4 Sample analysis...........................................................................................44 
3.5 Brief summary..................................................................................................45 
References ...............................................................................................................46
 
Chapter 3 Determination of trace anions in hydrogen peroxide by ion 
chromatography with electrochemical extraction pretreatment ...49 
4.1 Introduction.......................................................................................................49 
4.2 Experimental part............................................................................................50 
4.2.1 Instruments and reagents..............................................................................50 















4.2.3 Chromatrographic condition .......................................................................50 
4.3 Electrochemical extraction-neutralization device .........................................50 
4.3.1 Effect of Electrochemical device .................................................................50 
4.3.2 Structrue and working process of electrochemical extraction-neutralization 
device ....................................................................................................................52 
4.4 Results and discussion ......................................................................................55 
4.4.1 Optimizing flow rates of sample.................................................................55 
4.4.2 Optimizing elution conditions.....................................................................56 
4.4.3 Extraction efficiency ....................................................................................57 
4.4.4 Optimizing Chromatrographic conditions ..................................................57 
4.4.5 Study on standard working curve ................................................................58 
4.4.6 Sample analysis...........................................................................................59 
4.4.7 Evaluation on quality of hydrogen peroxide................................................59 




















摘  要 



























































As ion chromatography has good sensitivity for the common anions and cations, 
the sample preparation technique is always of weakness for ion chromatography. The 
purpose of sample pretreatment is to eliminate sample matrix interferences, decrease 
matrix concentrations, neutralize the alkaline/acidic samples, condense and 
enrichment the analytes and so on, so that the samples after pretreatment can be 
analyzed by ion chromatography. Among all the sample preparation techniques for ion 
chromatography, electrodialysis pretreatment has a good advantage and is of 
importance in the analysis. 
In this dissertation, several types of electrochemical pretreatment devices for the 
analysis by ion chromatography were designed and developed, based on the 
electrochemistry principle. In addition, the devices were applied to the determination 
in the real samples of tobacco, urine, chemical and so on. 
 
There are four parts in this dissertation: 
Chapter 1, some theories on the sample preparation technique for ion 
chromatography and applications by electrodialysis pretreatment were reviewed. 
Additionally, the technical scheme and innovation of this dissertation were 
introduced. 
 
Chapter 2, several kinds of electrochemical neutralization devices were designed 
and compared. The device with good performance was chosen to neutralize the acidic 
sample solution and applied to the determination of the analytes of potassium, 
magnesium and calcium in tobacco samples by ion chromatography. 
 
Chapter 3, a new method for the simultaneous determination of fluorine and 
iodine in urine by ion chromatography with electrochemical pretreatment has been 
developed. The pretreatment was performed in a novel electrochemical 















and the alkaline digestion sample solution was neutralized.  
 
Chapter 4, a novel electrochemical extraction-neutralization device was designed 
to eliminate sample matrix interferences and enrichment the analytes. It was 
successfully applied to the determination of the trace anionic impurities in hydrogen 
peroxide by ion chromatography. 
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